When matter undergoes a continuous phase transition on a finite timescale, the Kibble-Zurek mechanism predicts universal scaling behavior with respect to structure formation. The scaling is dependent on the universality class and is irrelevant to the details of the system. Here, we examine this phenomenon by controlling the timescale of the phase transition to a BoseEinstein condensate using sympathetic cooling of an ultracold Bose thermal cloud with tunable interactions in an elongated trap. The phase transition results in a diverse number of bright solitons and gray solitons in the condensate that undergo attractive and repulsive interactions, respectively. The power law dependence of the average soliton number on the timescale of the phase transition is measured for each interaction and compared. The results support the KibbleZurek mechanism, in that the scaling behavior is determined by universality and does not rely on the interaction properties.
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Continuous phase transitions are ubiquitous phenomena that range from the generation of the early universe to the formation of multiferroics. Despite their diverse energy scales, continuous phase transitions are governed by some universal scaling laws that result from their statistical nature [1] . When continuous phase transitions occur on a finite timescale, they are also responsible for the defect and structure formation across the universe. The Kibble-Zurek mechanism (KZM) is a key theory that proposes universal power law scaling behavior for such processes [2] [3] [4] . Experiments that regard KZM defect formations have been conducted in recent years on various systems, including liquid crystals [5] , superfluid 3 He [6, 7] , multiferroics [8] and ion chains [9, 10] . The KZM proves an experimentally simple and reliable criterion for the exploration of critical phenomena.
The process to Bose-Einstein condensate (BEC) from thermal states is also a type of continuous phase transition. Ultracold atomic gases are simple and highly controllable; therefore, they are ideal candidates for quantitative observations of critical phenomena. In most experiments, atomic BECs are produced with large repulsive interactions, typically around 0 100a , to efficiently attain stable condensate states. Defects known as gray solitons (including planar solitons and solitonic vortices, this notation is applied for simplicity) or vortices can be spontaneously formed inside a repulsive BEC, depending on the specific geometry of the system. The dynamics and defect formation process of repulsive BEC phase transitions have been observed through several experiments that are in good agreement with the KZM [11] [12] [13] [14] [15] [16] .
On the other hand, BEC with attractive interaction in a harmonic trap is a self-focusing exotic object with limited atom number capacity [17] . An attractive BEC has the property to propagate without dispersion inside a waveguide and is thus called a bright matter-wave soliton [18] . The presence of multiple bright solitons in an elongated trap is typically referred to as a soliton train, which has been created by rapidly tuning the interaction strength of a preproduced repulsive 3 BEC to be weakly attractive via the Feshbach resonance [19] [20] [21] . Attractive BEC is considered a proper phase possessing the same order parameter as repulsive BEC that can be described by the Gross-Pitaevskii equation [22, 23] . This suggest that the phase transitions of attractive BEC and repulsive BEC are connected via universality, a widely believed empirical principle [24] .
However, thus far, little has been studied regarding the spontaneous symmetry breaking process of an attractive BEC. Only a few experiments have successfully created an attractive BEC directly from a thermal cloud that contains hundreds of condensate atoms with relatively strong attractive interaction around 0 30a  , and none of them is focused on this topic [25, 26] . A strong attraction decreases the number of condensate atoms and shortens the timescale of the dynamics, which is unfavorable for the observation of non-equilibrium critical phenomena.
While weakening the interaction can increase the condensate atoms, evaporative cooling does not function efficiently in this regime for the thermal atoms to reach the condensate state.
We resolve this dilemma using the sympathetic cooling of weakly interacting bosons with a coolant. In this experiment, 7 Li atoms and 6 Li atoms are used as the boson specimen and coolant, T is approached in a faster timescale than the relaxation time, the system cannot relax to equilibrium; therefore, disconnected regions exist during the phase transition.
An experimentally accessible parameter that well characterizes the critical phenomena is the number of defects that are spontaneously formed after the phase transition. The KZM proposes that the number of defects d N formed after the transition is determined by the average size of correlated domains  when the system becomes non-equilibrium. Repulsive BEC in a harmonic trap is an inhomogeneous system with a density-dependent local critical temperature.
In such a case, the KZM predicts that defects created under a linear quench   A detailed description of the apparatus employed can be found in Ref. [29] . The fermionic 6 Li in two hyperfine states of 12 F  serves as coolant for bosonic 7 Li in the
Our system is capable of sympathetically creating a mixture of superfluid fermions and bright solitons. However, the fermions are kept thermal in this experiment to avoid further complexities, such as immiscibility [30] . The mixed thermal cloud is first evaporatively cooled to ca. 300 nK. There are ca. The evaporative cooling process is examined in Fig. 2 . Since the bosons are weakly interacting, the maximum rate of their temperature drop is limited. The cooling efficiency is measured from TOF images as plotted in Fig. 2(a) . Here we apply various situ imaging is used directly to count the gray solitons without expanding the gas, because the weakly interacting feature secures a higher atom density so that defects are easily recognizable.
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Density depletions of more than 20% are counted as gray solitons. Twenty four samples are taken for each quench rate, and the counting results are given in Fig. 3(b) . The line in Fig. 3 This long scattering time is responsible for the low cooling rate observed in this experiment.
In conclusion, we have observed the spontaneous creation of bright solitons and gray solitons in the BEC phase transition using ultracold 7 
T/nK

